Acoustic communication plays an important role in the social behavior of many animal species (BRADBURY & VEHRENCAMP 1998 , GERHARDT & HUBER 2002 . This is particularly true for many species of anuran amphibians that form aggregations with the participation of several individuals during the breeding season (WELLS 1977 , AICHINGER 1987 . In this sense, acoustic communication, which can be used in different contexts such as mate attraction, territory defense and maintenance of inter-male distance (WELLS 1977 , may mediate social interactions among individuals.
In many anuran species, the reproductive success of males is associated with the acoustic signals emitted by them (FOR- ESTER et al. 1989) . Even though several factors can influence such acoustic signals in reproductive aggregations (PENNA & SOLIS 1998 , RÖHR & JUNCÁ 2013 , the interference caused by conspecifics probably represents the main reproductive obstacle for a calling male (GREENFIELD & RAND 2000) . In this situation, anuran males can alter their acoustic behavior as an aggressive response to conspecific individuals (WELLS 1988) . This response represents an important mechanism that allows maximization of the reproductive success of males (GERHARDT & HUBER 2002) , enabling them to repel conspecific rivals and also to attract females for mates (BOSCH & MÁRQUEZ 1996 .
In response to intra-sexual acoustic competition, anuran males may display different vocal behaviors as a mechanism of aggressive response (WELLS 1988 , GERHARDT & HUBER 2002 . In this case, individuals increase the rate of repetition of their calls (WELLS 1988 , BASTOS et al. 2011 , increase call duration (WELLS 1988) , reduce the dominant frequency of the call (BEE et al. 2000) or modify call timing in response to competitors (REICHERT & GERHARDT 2012) . Hypsiboas goianus (Lutz, 1968) is a hylid that is restricted to the Cerrado domain, and may be found in the states of Goiás and Minas Gerais, as well as Distrito Federal (FROST 2015 , VALDUJO et al. 2012 . Males vocalize in choruses on herbaceous plants, grasses and shrubs (GUIMARÃES et al. 2001 , MENIN et al. 2004 . Males are commonly nocturnal and may emit different types of vocalization such as advertisement, aggressive and release calls (GUIMARÃES et al. 2001 , MENIN et al. 2004 , DIAS et al. 2014 .
Herein, we studied the acoustic behavior of males of H. goianus in response to a simulated conspecific, and tested whether the time interval between the conspecific's advertisement calls influence the vocal behavior of the experimental males. Specifically, our intention was to simulate male calls with distinct states of motivation. To do that we altered the time interval between calls to simulate different calling behaviors. In this context, as an aggressive response to the simulated conspecific, we expected that males of H. goianus would alter their acoustic behavior in several ways, for instance: 1) alter the emission of advertisement calls to aggressive calls, 2) increase call duration and/or 3) decrease the time interval between calls.
MATERIAL AND METHODS
We studied the vocal behavior of males of H. goianus in a rivulet at Floresta Nacional (Flona) de Silvânia (16°38'51"S, 48°38'51"W, ca. 900 m a.s.l.) in the municipality of Silvânia, state of Goiás, central Brazil. The main vegetation formation in the region is the Cerrado, a seasonal Neotropical savanna in which the rainy season occurs between October and March and the dry season from April to September. Between February 2012 and January 2013, we conducted field observations over 10 visits to the study site, totaling 50 hours of observation. We carried out field playback experiments between 19:00 and 00:00 h, since this period corresponds to the peak activity of this species (A.R. Morais, unpub. data).
We conducted two types of field playback experiments with a repeated-measures design. To build both playback experiments, we used a natural advertisement call ( Fig. 1) emitted by a male of H. goianus, and which had been previously recorded at Flona de Silvânia. Call duration, dominant frequency and pulse number of the advertisement calls were 369 ms, 3273 Hz and three pulses per call, respectively. The duration of the first, second and third pulses were 34 ms, 64 ms, and 40 ms, respectively. We chose this advertisement call randomly; therefore, it does not represent the exact average of this population. Each playback experiment was composed of three treatment periods (pre-playback, playback, and post-playback); each treatment period lasted two minutes.
During pre-playback and post-playback periods, males of H. goianus were not stimulated by conspecific calls, although the acoustic behavior of these males was recorded. In the playback period, we broadcasted a sequence of six advertisement calls/minute to the calling male (Figs. 2-3 ). In both playback experiments, we positioned the speaker about 50 cm from the calling male and the calls were broadcasted with sound pressure level of 75 dB SPL (Minipa digital decibelimeter; Type II; Time weighting = Fast; A-weighted). To broadcast the acoustic signals during the playback period we used a digital speaker with the following setting: Qaaq -QA-909A model; Output power = 3W x 2; Frequency response = 100 Hz -18 kHz.
The playback period differed between the experiments. In both experiments, all temporal and spectral parameters of the advertisement call were constant, except the time interval between calls. We manipulated the intercall distance to simulate two different calling behaviors within the playback period (sequence A and B, Figs. 2-3). Therefore, our intention was to use the time interval between calls as an aggressiveness measure (REICHERT & GERHARDT 2012), since we simulated males with different states of motivation.
In the first (Sequence A) playback experiment, we simulated a calling male first decreasing and then increasing the intercall distance. Specifically, during this playback experiment, we reduced the time interval between calls to simulate a male increasing its aggressiveness when interacting with a conspecific. For this, we stablished the following time intervals between advertisement calls (in seconds): 15, 7.5, 3.75, 1.875, 1.875, 30, 1.875, 1.875, 3.75, 7.5, and 15 (Fig. 2) .
In the second (Sequence B) playback experiment, we simulated a calling male first increasing and then decreasing the intercall distance. In this playback experiment, our intention was to simulate a male that reducing its aggressiveness when interacting with a conspecific. For this playback experiment, we stablished the following time intervals between calls (in seconds): 1.875, 1.875, 3.75, 7.5, 15, 30, 15, 7.5, 3.75, 1.875, and 1.875 (Fig. 3) .
We tested 12 males in each playback experiment, totaling 24 recorded individuals. We recorded the calls of the males with a MARANTZ PMD 660 recorder [44 kHz and 16-bit resolution (wav file)] and a Sennheiser ME66 microphone approximately 50 cm from the calling frog. We measured the body length (snout-vent length -SVL) of males to the nearest 0.05 mm with a caliper, and their mass to the nearest 0.01 g with digital scales. The air temperature was recorded with a digital thermo-hygrometer to the nearest 0.1°C. After each recording, we marked all individuals through subcutaneous implants of alpha-numeric fluorescent tags that are visible under ultraviolet light.
We used Raven Pro 1.4 to analyze the temporal and spectral parameters of H. goianus calls. Frequency information was obtained through Fast Fourier Transformation (FFT) with 1,024 points width. We used the package R 2.15.1, Seewave 1.6.4 (SUEUR et al. 2008 ) to obtain sound figures. We analyzed five advertisement calls and five aggressive calls of each recorded male, and measured the following acoustic parameters : call duration (s), pulse number (pulses/call), pulse duration (s), dominant frequency (Hz), total repetition rate (advertisement and aggressive calls/min), advertisement repetition rate (calls/ min) and aggressive repetition rate (calls/min). The bioacoustics terminology followed GERHARDT (1998), HUBER (2002) and .
To compare the body mass and SVL of the recorded individuals between different playback experiments (sequence A vs. sequence B) we used Student's t-test. We used principal component analysis (PCA) to eliminate the correlated acoustic variables. In this sense, we computed a PCA for each type of call (e.g., advertisement and aggressive), and considered the two first axes of each PCA as response variables. This approach allowed us to reduce our data set (acoustic parameters) of eight to four response variables. Based on axes of the PCA, we calculated a two-way repeated measures of analysis of variance (ANOVA) to compare acoustic parameters of the advertisement call of H. goianus males between the playback experiments (sequence A vs. sequence B) and treatment periods (pre-playback, playback, and post-playback).
It was not possible to use the same statistic approach for aggressive calls, since few males emitted this vocalization during all treatment periods (pre-playback, playback and post-playback periods). Thus, based on the axes of the PCA, we performed Student's t-test to compare the acoustic parameters of the aggressive call emitted during the playback period of both experiments (sequence A vs. sequence B). We computed a chi-square test to investigate whether the number of males that emitted aggressive calls differed among the treatment periods. We tested the assumptions of all statistical tests prior to analysis and, when necessary, the data were expressed logarithmically [log(x)] to reduce heterogeneity and non-normal distributions. The statistical analyses followed those described by ZAR (1996) , and the significance level was 5%.
RESULTS
The average SVL and body mass of all recorded males were 32.15 ± 1.46 mm (range = 29.56-36.97 mm, N = 24 males) and 1.37 ± 0.111 g (range = 1.2-1.62 g, N = 24 males), respectively. In the Sequence A playback experiment, the average SVL and body mass of males were 32.15 ± 1.15 mm and 1.34 ± 0.07 g, respectively, while in the Sequence B playback experiment the average SVL and body mass of males were 32.15 ± 0.13 mm and 1.34 ± 0.13 g, respectively. We did not observe difference in the SVL (t = 0.009, df = 22, p > 0.05) and body mass (t = 1.63, df = 22, p > 0.05) of the recorded males between both field playback experiments.
Based on the computed PCA of the advertisement call, the two first axes had the following eigenvalues: 5429.30 (Axis 1) and 2474.35 (Axis 2). Together, these axes explained about 99% of all variation found. In this sense, axis 1 explained 68.31% of the variation and was positively associated with dominant frequency (Table 1) ; on the other hand, axis 2 explained 31.13% of the variation and was positively related with call duration (Table 1) . For the aggressive call, the two first axes had the following eigenvalues: 19075.8 (Axis 1) and 4089.51 (Axis 2). Such axes explained 99.95% of the total variation found. The first axis was positively related to call duration and explained 82.3% of all variation (Table 1) ; while the second axis was positively related to dominant frequency and explained 17.6% of the total variation (Table 1) .
We did not observe differences in the acoustic response of males of H. goianus between the two types of field playback experiments, because no axis of the computed PCA for the advertisement call (p > 0.05 -two-way repeated measures analy- ZOOLOGIA 32 (6): 431-437, December 2015 ses of variance) and aggressive call (p > 0.05 -Student's t-test) varied significantly. However, we observed differences in the acoustic behavior of males of H. goianus during the three treatment periods of the playback experiments, since the axis 1 of the computed PCA for the advertisement call (F (2, 32) = 3.623, p < 0.05) varied significantly among such treatment periods (Fig. 4) . This axis was largely represented by the dominant frequency of the advertisement call; therefore, we observed that such acoustic parameter was lower during the playback period than during the pre-playback and post-playback periods. For the other variables, we did not observe any difference among the three treatment periods (p > 0.05 for all cases).
2). On the other hand, we observed that eight and two H. goianus males emitted advertisement and aggressive calls during all treatment periods of the Sequence B playback experiment, respectively (Table 2 ). We also observed that the number of males that emitted aggressive calls during the playback period of both experiments was more than those observed in the pre-playback and post-playback periods (Chi-square test, p < 0.0001, Table 2 ).
DISCUSSION
In this study, we did not observe any difference in the acoustic behavior of the males in the two field playback experiments. On the other hand, we observed that males of H. goianus significantly modified their vocal behavior in response to conspecific acoustic stimuli. Specifically, the males of this species reduced the dominant frequency of their advertisement call and increased their emission of aggressive calls when interacting with conspecific competitors. According to , vocal competition between conspecifics may result in considerable acoustic plasticity in anurans; therefore, the males can modify the acoustic parameters of their call to repel conspecific individuals (WELLS 1988) .
Overall, the spectral parameters (e.g., dominant frequency) of the calls are under morphological constraints (RYAN 1986); therefore, they have been frequently classified as static proprieties, since they present low intra-individual coefficient (GERHARDT 1991 , BEE et al. 2001 , GASSER et al. 2009 , MORAIS et al. 2012 . However, as observed in H. goianus, some anuran species also reduce the frequency of their calls in response to conspecific individuals (WELLS 1988 , WAGNER 1989b , BEE et al. 2000 , BEE & BOWLING 2002 , NALI & PRADO 2014 . Specifically, WAGNER (1989b) broadcasted conspecific calls to males of Acris crepitans Baird, 1854 and observed that the individuals reduced the dominant frequency of their call in response to a simulated opponent. Similarly, BEE et al. (2000) observed that small males of Lithobates clamitans (Latreille, 1801) significantly produced lower frequency calls in response to stimuli from large-looking males, which increase their apparent size during conspecific interactions. Changes in the dominant frequency of the call have an important role during aggressive interactions ; in this sense, we suggest that the modifications observed in the dominant frequency of the call of H. goianus indicate an aggressive function and, therefore, allow repelling the conspecific opponent. Additionally, we observed that H. goianus males increased the rate of their aggressive call during playback periods. This aspect has been observed in other anuran species since WELLS & SCHWARTZ (1984) observed that males of Dendropsophus ebraccatus (Cope, 1874) emitted significantly more aggressive calls when stimulated by conspecific individuals. Similarly, males of Dendropsophus phlebodes (Stejneger, 1906) and Dendropsophus microcephalus (Cope, 1886) also increased the We observed that 10 and six males of H. goianus emitted advertisement and aggressive calls during all treatment periods of the Sequence A playback experiment, respectively (Table rate of their aggressive call in response to conspecific calls (WELLS 1988) . According to TAIGEN & WELLS (1985) , the calling activity of anurans is one of their most energetically expensive activities; several studies have demonstrated that males emitting more calls per minute are more attractive to females (e.g., BOSCH & MÁRQUEZ 2005 , POOLE & MURPHY 2007 . In this context, males that are able to maintain high call rates have higher energetic costs and therefore are in better physical shape (POOLE & MURPHY 2007) to obtain the female's preference. Additionally, high rates are easier to detect and to locate, and therefore they decrease the energetic cost and predation risk for the female to find a mate .
Although H. goianus males increased the aggressive call rate during the playback period of the experiments, they continued to emit advertisement call while interacting with conspecifics. A similar pattern has been found in other anuran species such as A. crepitans (WAGNER 1989a) , Hypsiboas albomarginatus (Spix, 1824) (GIASSON & HADDAD 2006) , Leptopelis viridis (Günther, 1869) (GRAFE et al. 2000) and Scinax centralis Pombal & Bastos, 1996 (BASTOS et al. 2011 . As previously shown by HUBER (2002) and , aggressive calls are less attractive to reproductive mates than advertisement calls. In this sense, we suggest that males the H. goianus continue to emit advertisement calls, because this is the most important signal to attract reproductive mates and, additionally, it is useful to mediate spacing between males. Males may therefore alternate the emission of both calls to reduce the costs of acoustic interactions, since they may simultaneously repel conspecific individuals and attract females (WAGNER 1989a) .
Finally, our results demonstrated that males of H. goianus may modify their acoustic behavior when interacting with conspecific individuals. In this sense, we considered the calling behavior of males of H. goianus to understand the role of the acoustic parameters of calls during the aggressive interac- tions. Few studies have investigated the influence of conspecific calls in the acoustic behavior of anuran species in the Brazilian savannah (e.g., BASTOS et al. 2011 , NALI & PRADO 2014 . In this domain, anuran species are under high anthropogenic pressure, therefore, the results described in this study can be useful in future management actions.
